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1. INTRODUCTION 
In 1984 the soviet reseQrch vessel ''Nauka" initiated a series of surveys under 
the Agreement on Fisheries Cooperation betweeh the Soviet Union and the People's 
Republic of Mozambique. 
One of the objectives of these joint surveys is to provide information about 
the distributionandabundance of the stocks of small pelagic fish in particular 
scad and mackerel (Carangidae and Scombridae) along the coast of Mozambique. 
Previous bottom trawl and acoustic surveys for scad and mackerel have shown that 
great fluctuations in the abundance estimates can occur within the same year. 
Borges et al. (1984) as an example cites abundance estimates obtained during 
surveys in 1982 which fluctuated between 4 and 94 thousand tonnes. Given this 
high variability these estimates are worth little without confidence limits 
attached (Doubleday, 1981). 
Stratified random sampling has the great advantage as compared to systematic 
sampling, in producing unbiased estimates of mean and variance. This scheme 
was hence selected to estimate the abundance of scad and mackerel and its con-
fidence limits. 
The survey took place from the 5th of May to 24th of June 1984 and covered the 
coastal waters from 16° 00' S to 25° 30' S of latitude, at depths from 20 to 
200 meters. 
The main objectives were to estimate the abundance and the length composition 
of the stocks of scad and mackerel. Besides data for biological studies of 
scad and mackerel, as well as information on the species composition of the fish 
community in the area were also collected. 
This paper presents the results obtained with respect to distribution, abun-
dance, length composition and maturity stage of scad and mackerel. Some infor-
mation is also given for other stocks of small pelagic fish. 
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2. VESSEL AND EQUIPMENT 
The R/V ''Nauka" belongs to the RTM category and is a stern trawler of 80 m 
of length. The main engine has 1340 HP, which gives the vessel a cruising 
speed of 8 to 10 knots. 
The vessel is equipped with a 41.7/139.6 m bottom· trawl and a 65.2/408 m 
pelagic trawl. 
3. SURVEY PLAN 
3.1. Stratification 
The area between 16° 00' S and 26° 30' S was divided into 13 strata all in the 
depth range from 20 to 200 m, Fig. 1a to 1c. 
The fishing areas of the commercial fleet at Sofala Bank and Boa Paz were chosen 
as separate strata in order to allow a comparison between the catch rate of 
"Nauka" and the commercial vessels. The rest of the area was divided into 
strata in accordance with the general knowledge of the distribution of scad 
and mackerel. In most cases the 40 m isobath contour was used to divide the 
area from 20 to 200 m into two strata. 
A total of 167 hauls were planned and distributed on the strata in the follow-
ing way. 
First an attempt was done to allocate the hauls by means of the Neyman crite.-
rium (Cochl:'an, 1977). The results of the survey of "S. Rybak" from October 
to December 1982 (Timochin et al, in press) wel:'e used to calculate the expec-
ted mean and variance of the catch per haul in each stratum. The result of 
this analysis was that all the samples should be taken in only 4 strata, Tables 
1a and lb. As the survey of "S. Rybak" took place at a time of the year where 
the distribution of scad and mackerel is probably diffel:'ent from the distribu-
tion in May-June it was decided to make a compromise between Neyman and propol:'-
tional allocation of the samples, Table 1c. 
In order to spread the samples each stratum was divided into squares of app. 
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5 x 5 nm 2 • Within each stratum the squares were finally combined into a number 
of substrata each containing approximately the same number of squares. The 
number of substrata was chosen so that no substratum would contain less than 
at least two samples. 
3.2. Selection of samples 
Within each substratum the squares were numbered consecutively and a table of 
random numbers was used to select those where fishing should take place. As 
the basic sampling unit was considered to be the area swept during one standard 
haul (Pennington and Grosslein, 1978), and not the square as such, the squares 
were selected with replacement. 
Within each of the squares selected a suitable trawling position was chosen by 
the captain who was told to take only the bottom conditions into account. If 
the bottom conditions did not allow trawling the captain was told to find the 
nearest possible trawling position outside the square. 
In the case where more than one haul should be performed within the same square 
a different position was selected for the second haul. 
Trawling took only place during daylight when scad and mackerel are known to 
concentrate in schools close to or a few meters above the bottom and thus can 
be caught in a bottom trawl. At night they disperse in the watercolumn (Saetre 
and Silva, 1979). 
Each haul was planned to be made with a speed of 4 knots and to last 60 minutes. 
4. DATA COLLECTION 
4.1. Trawl catch 
The catch was sorted into large and small fish. Large fish were sorted into 
species and the number and weight of each species recorded. From the rest of 
the catch one standard box of 25 kg was sampled and the species composition in 
terms of numbers and weight determined. 
Whenever possible a sample of 100 individuals of each of the species shown in 
Table 2 was- collected from each haul for measurements of individual weight 
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and length. For most of the species the length was measured as total length 
and grouped to the 0.5 em below. In addition a sample of 25 individuals was 
collected and analysed for sex, maturity stage, individual length and weight. 
5. DATA PROCESSING 
5.1. Selection and standardization of hauls 
Due to rough bottom in some substrata, to repairs and to delay supplies of fuel 
and food to the vessel, only 120 hauls of the planned 167 were carried out. 
Three strata, area IV (20-40 m) and area VII (20-40 m, 40-200 m) were not cover-
ed at all. 
Of these 120 hauls only those which fell within or close to the squares selec-
ted in advance were considered. 
Thus, only 78 valid hauls were left which could be used to estimate abundance. 
The positions of these 78 hauls and of the 42 hauls which were discarded are 
shown in Fig. 2a to 2c. In those cases where a substratum contained only one 
haul or no hauls at all the substratum was merged with its neighbours until at 
least two hauls were available from the new combined substratum. 
5.2. Transformation of the data 
The results of repeated hauls in a concentration of D. russelli from a small 
area at Boa Paz were used to study the distribution of the catch rates. 
In order to transform the observed frequency distribution of the catch rates 
into normal distribution ahistogram was drawn. A suitable transformation, 
which would transform the observed distribution into a normal distribution, 
was then guessed and checked by plotting the frequency of the transformed 
catch rate on probability paper. The catch rates seem to follow a lognormal 
distribution. Fig. 3a and 3b. 
However, in some areas a high proportion of zero catch rates was encountered. 
Instead of the lognormal distribution it was thus decided to use the 
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~ distribution (Aitchison and Brown, 1957) to describe the distribution 
of the catch rates within each substratum. In the - distribution the va-
riable, in this case the catch rate, has a certain probability for positive 
values. The estimators for the mean and variance of the mean of the 
tribution were taken from Pannington (1983). 
- dis-
For all the species for which the abundance was estiMated, the arithmetic mean 
of the catch rates and the estimate of the mean of the corresponding 1:::, - distri-
bution was compared. In all cases the two were either identical of very close 
to each other. 
The estimated mean and variance of each substratum was then combined into an 
estimate of the mean and variance for each strata and for the total area by the 
formulas given by Cochran (1977). 
The confidence limits were estimated assuming that the mean catch rate followed 
a t-distribution. 
5.3. Estimation of abundance 
The abundance of Q· russelli, Q. macrosoma, ~· kanagurta, ~· crumenophthalmus, 
T. trachurus and small pelagic fish combined was estimated by the "swept area" 
method. 
As the trawl has a horizontal opening of app. 21 m and was hauled for 60 minu-
tes with a towing speed of 4 knots the area swept during one standard haul cor-
responds roughly to 0.0454 nm 2 • The total area was estimated by multiplying the 
area of one square (25 nm 2 ) by the number of squares. 
The efficiency of the trawl was assumed to be equal ~o one, i.e. all fish within 
the "swept area'' of one standard haul were caught. This is most likely an unde~ 
estimate and we have therefore preferred to use the term "abundance" rather than 
"biomass" throughout the paper. 
5.4. Population length composition 
The total length composition within each stratum of the species mentioned above 
was analysed by calculating the average catch per standard haul and lenght group. 
- 10 -
The number of individuals measured from each haul was extended to the total 
standardized catch per hour after which the average catch in numbers per length 
group was calculated for each stratum. Finally the mean and variance of each 
length distribution were estimated. 
6. RESULTS 
6.1. Small pelagic fish 
6.1.1. Catch composition 
The Carangidae, Clupeidae and Scombridae were the most common families of 
small pelagic fish in the catch. 
The highest catch rates were in general obtained for the family Carangidae. 
The highest value recorded was 668.61 kg in area I (40-200 m). 
As in previous surveys the families Clupeidae, Engraulidae and Leiognathidae 
were present in the catch from Sofala Bank at depths shallower than 40 m. 
The dominating clupeid at Sofala Bank was Pellona ditchela. The family 
Clupeidae was also important at Boa Paz, represented mainly by Sardinella 
gibbosa. 
A difference between the species composition of the catch at Sofala Bank and 
Boa Paz could be observed. At Boa Paz the families Sphyraenidae and Ariommidae 
were more common than at Sofala Bank. In addition Scomber japonicus occurred 
much more frequently at Boa Paz than in the northern areas. 
Table 3 shows the average catch rates of the families in the group of small 
pelagic fish. 
6.1.2. Abundance 
Tables 4, 5 and 6 present the computational steps in the calculation of the 
abundance of small pelagic fish. 
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A total of 100 thousand tonnes was estimated for the area surveyed, of which 
one third was found in the fishing area at Sofala Bank (area II) the other 
third at Boa Paz (areas V and VI) and the remaining mainly in areas 0 and I 
at Sofala Bank. 
The highest average catch rate was obtained in area VI at depths from 20 to 
40 m. 
6.2. Decapterus russelli 
6.2.1. Geographic distribution 
D. russelli was found in most of the areas covered at depths from 20 to 200 m. 
At Sofala Bank catch rates higher than 100 kg per hour were obtained in areas 
I (40-200 m) and II (fishing area), Fig. 4. 
At Boa Paz the highest catch rates were recorded in area V (fishing area) and 
area VI (20-40 m), Fig. 5. 
6.2.2. Abundance 
Table 7 shows the values obtained for the mean catch rate, variance of the mean 
and abundance. 
About half of the stock of D. russelli was found in the fishing areas (areas II 
and V). The rest was mainlyencountered in the areas north of Zambezi river at 
depths from 40 to 200 meters and north of the fishing area at Boa Paz at depths 
from 20 to 40 meters (area VI). 
Due to the high variance of the mean catch rate in some susbtrata the confidence 
limits for some strata become very wide. In some cases they even extend below 
zero. The total abundance was estimated to app. 24000 tonnes. 
6.2.3. Length composition 
Fig. 6 shows the percentage length composition in the various areas. 
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At Sofala Bank there seems to be a difference in the length composition north 
and south of the Zambezi river. In the areas north of the river (areas 0 and 
I) the smallest individuals were caught from 40 to 200 m of depth, while south 
of the river (areas II and III) they were found at more shallow depths from 20 
to 40 m. The length at Sofala Bank varied from 15.4 to 17.5 em. 
The length composition at Boa Paz is very different from that at Sofala Bank. 
The mean length varies from 18.1 to 22.2 em and the individual lengths from 
15.0 to 24.5 em. This difference has also been encountered in other surveys 
(Borges et al. , 1984). 
6.2.4. Gonad development 
A total of 698 gonads of Q. russelli were analysed, Table 8. In most of the 
areas the majority of the gonads were in stage III and the fish were thus still 
preparing for spawning. 
The males dominated the catch in the proportion 1:1.1. 
In the areas north of the Zambezi river an interesting observation was made. 
Most of the females were in stage II in area 0, in stage IV in area I (20-40 m) 
and in stage V (spawning) in area I (40-200 m). 
6.3. Decapterus macrosoma 
6.3.1. Geographic distribution 
Q. macrosoma was mainly found on Sofala Bank. Only very few individuals were 
caught at Boa Paz. 
The distribution on Sofala Bank is more or less identical with that of D. 
russelli. The highest catch rates were recorded in the southern part of area 
II (fishing area) and in area I (40-200 m), Fig. 7. 
6.3.2. Abundance 
The catch statistics and abundance estimates of~- macroso~~ are presented in 
Table 9. 
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Around 85% of the total stock was found in area I (40-200 rn) and II (fishing 
area) on Sofala Bank. Only a very small part of the stock was located at Boa 
Paz. 
The total abundance was estimated to app. 6500 tonnes. 
6.3. 3. Length composition 
A total of 1008 individuals were measured at Sofala Bank. 
As for D. russelli the smallest fish occurred in area I, from 40 to 200 rn. 
South of Zarnbezi river two distinct modes in the length composition were 
observed. The length varied from 13 to 24 ern and the mean from 18.4 to 19.7 
ern, Fig. 8. 
6.3.~. Gonad development 
A total of 322 gonads were examined. 
Females dominated in a proportion of 1:1.2, Table 10. Stage IV (pre-spawning) 
was the most abundant stage. These results agree with the information from 
previous surveys (Borges et al., 1984). 
6.4. Other Decapterus species 
Some doubts have been expressed about the correct identification of the 
Decapterus species. Due to the lack of a proper key for the Western Indian 
Ocean, the Decapterus species have often been misidentified. However, im-
mediately before this survey a new key for the area became available (W. Fisher 
et al. 1984). Besides D. russelli and D. rnacrosorna three other species: 
D. tabl, Q. kurroides and D. rnacarellus are recorded from the south western 
Indian Ocean. All of the five species were identified during the survey. 
The three last mentioned were mainly caught in the fishing areas of Sofala 
Bank and Boa Paz. 
The length of Q. tabl. and Q. kurroides ranged between 13.0 and 20.5 ern. The 
size of D. rnacarellus varied from 30.5 to 36.5 ern with a mean of 34.7 ern. 
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6.5. Selar crumenophthalmus 
6.5.1. Geographic distribution 
This species occured at Sofala Bank and Boa Paz at depths from 20 to 200 m. 
At Sofala Bank catch rates above 100 Kg per hour were recorded in area II 
(fishing area) and around the islands in the northern part of area I, Fig. 9. 
At Boa Paz the highest catch rates were found in a small part of area V 
(fishing area) and in area VI (20-40 m and 40-200 m), Fig. 10. 
6.5.2. Abundance 
·The abundance estimates are presented in Table 11. More than 80% of the 
stocks was found at Boa Paz. The total abundance was estimated to app. 15000 
tonnes. 
6.5.3. Length composition 
Length measurements were available from both Sofala Bank and Boa Paz, Fig. 11. 
As for D. russelli and D. macrosoma the smallest fish were found in the area 
north of the Zambezi river at depths from 40 to 200 m. South of the river 
they were caught at depths from 20 to 40 m. 
The largest individuals measured 31.5 em and were caught at Boa Paz at depths 
from 40 to 200 m. 
The mean length varied from 21.5 em and were caught at Boa Paz at depths 
from 40 to 200 m. 
The mean length varied from 21.5 to 25.5 em. 
6.5.4. Gonad development 
In all areas most of the fish was caught in maturity stage V. No change in 
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the maturity stage with depth was observed. For this reason the samples were 
combined by area, Table 12. 
6.6. Trachurus trachurus 
6.6.1. Geographic distribution 
T. trachurus was only caught at Boa Paz, where the fish seemed to be concen-
trated in a small part of area V (fishing area) and area VI (20-40 m), Fig. 12. 
The highest catch rate was obtained in area VI (20-40 m). 
6.6.2. Abundance 
The abundance estimates are presented in Table 13. 
The total abundance was estimated to app. 900 tonnes. 
6.6.3. Length composition 
Only 120 individuals from area V (40-200 m) were measured, Fig. 13. The length 
varied from 13 to 25 em with a mean of 21.6 em. 
6.6.4. Gonad development 
The gonads of both males and females were predominantly in stage III. 
6.7. Rastrelliger kanagurta 
6.7.1. Geographic distribution 
R. kanagurta was caught both at Sofala Bank and at Boa Paz. 
At Sofala Bank they were mainly concentrated in area II, Fig. 14. 
At Boa Paz they were mainly caught in a small part of area V (fishing area) 
and in area IV (20-40 m), Fig. 15. 
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6.7.2. Abundance 
The abundance estimates are presented in Table 14. 
The total abundance was estimated to app. 10000 tonnes, of which app. 75% of 
the total was found on Sofala Bank in area II (fishing area). 
6.7.3. Length composition 
Most of the length measurements were done at Sofala Bank. As for the scads the 
smallest fish were found in the area north of the Zambezi river at depths from 
40 to 200 m, Fig. 16. In the area south of the Zambezi river no decrease in 
the mean length with depth was observed. 
6.7.4. Gonad development 
The majority of the fish at Sofala Bank were found in maturity s~ II or III, 
Table 15. 
At Boa Paz females were found in stage IV while the males were in stage V, 
spawning. 
7. SUMMARY AND DISCUSSION 
The total abundance of small pelagic species wa~ estimated to 100 (+ - 45) 
thousand tonnes of which scad and mackerel constituted 57 (+ - 39) thousand 
tonnes. These abundance estimates must be considered as minimum estimates of 
biomass as the efficiency of the trawl was assumed to be equal to 1.0. 
The use of the area swept by one haul as the sampling unit and the subsequent 
selection of units in this survey differs somewhat from the usual procedure 
and deserves perhaps a few comments. 
Frequently the squares are considered as sampling units in the sense that 
they are assumed to be homogeneous and hence selected without replacement. The 
assumption of homogeneity has however the drawback that the estimte of the 
variance becomes dependent on the size of the squares as a result of the 
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finite population correction. Some authors, e.g. Tavares and Oeynes (1980) 
and Borges (1983), try to get around the problem by neglecting the finite 
population correction. However, at the same time they define their sampling 
units as squares of 5 x 5 nm 2 and assume them to be homogeneous. In this 
situation the finite population correction should of course be applied. 
Another sampling scheme where units larger than the basic sampling unit, the 
haul, are selected without replacement is the so called ''two stage selection 
of samples'' recommended for the NAFO area (Grosslein, 1974). In two-stages 
selection the squares are grouped into larger units within each stratum. 
The first stage in the selection of a sample is to select the larger unit, 
the second stage is to select a square within it. The larger units are 
selected at random without replacement and only one square is selected with-
in each large unit. Two-stage selection thus provides a better spreading of 
the samples over a stratum. The rationale behind thewish of having the samples 
well separated is that nearby sampling units tend to have similar fish densities. 
It thus seems correct that more information can be gained by spreading the sam-
ples. However, by avoiding nearby units it is likely that the variance bacomes 
larger than if the units were selected at random. Hence Doubleday (1981) con-
cludes that the overestimation of the variance is likely to conceal any gain 
in precision. Furthermore, by not selecting the samples at random it seems 
as if two-stages sampling leads to a situation which resembles systematic 
sampling with all its drawbacks in terms of possible biases. 
In the planning of this survey we tried to obtain a fair spreading of the 
samples by dividing each stratum into a number of substrata within which the 
sampling units were selected at random. 
It looks however, as if the plan was too optimistic with respect to the total 
number of hauls. The ~ - distribution seems to describe the distribution of 
the catch rates within the substrata fairly well, but the very wide confidence 
limits of the mean catch rates suggests that too few samples were taken in each 
substratum. In this situation the ~ - distribution does not describe the 
distribution of the averages very well. It may thus be necessary to increase 
the size of each substratum in future surveys in order to increase the number 
of samples per substratum. In addition the existing information on bottom con-
ditions on Sofala Bank and in other places should be used to avoid selecting 
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squares where no suitable trawling positions exist. This reduce the time 
used in searching for a.suitable fishing ground and help to avoid any dama-
ges in the gear. 
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AREA 0 
Fig. 1a. Sampling design of the area surveyed - Sofala Bank. 
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Fig. lb. Sampling design of the area surveyed - Bazaruto Island area. 
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Fig. 1c. Sampling design of the area surveyed - Boa Paz area. 
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Fig. 2a. Position of tows in the area surveyed - Sofala Bank. 
Fig. 2b. 
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Position of tows in the area surveyed - Bazaruto Island area. 
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Fig. 2c. Position of tows in the area surveyed - Boa Paz area. 
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Fig. 4 D. russelli. Catch rates obtained by fishing station at Sofala Bank. 
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Fig. 5 D. russelli. Catch rates obtained by fishing station at Boa Paz. 
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Fig. 10 S. crumenophthalmus. Catch rates obtained by fishing station 
at Boa Paz. 
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Fig. 12 T. trachurus. Catch rates obtained by fishing station at Boa Paz. 
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Fig. 15 R. kanagurta. Catch rates obtained by fishing station at Boa Paz. 
0 
2 0 
1Q-
(} 
2 0 
0-
0 
0 4 
2 4-
10 
0 
4 4 
\ 
10 
0 
- 41 -
r- AREA I AREA I r-r-
r- t- 20·40m r- 40·200 m 
n:110 n:158 
r-
t- 1:21.7 l:17.8 
~:1.10 s~1.65 
f- _r-
r-
~ 
n J lh Sh- n 
AREA II AREA II 
20·40m 40·200 m 
r-
n:221 n:215 
r-
l:18.6 r- l:18.6 
r-
r- si-:3.75 s~3.26 
r-
r-
1-- t-f- t- I-
f 1- [T~e-o-n- Ub .--n- [h 
rll AREA V 40·200 m n:25 
r- l:18.7 
s~0.46 
- 1-
I l 
r- AREA VI 
20·40m 
r- n:25 
r- 1-
L21.4 
1-- s~0.44 
n 
14 15 16 17 18 19 20 21 22 23 24 13 14 15 16 17 18 19 20 21 22 23 
total length, em total length, em 
Fig. 16 R. kanagurta. Percentage length composition by area. 
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Table 1 - Planning a suitable number of samples per stratum 
a) Percentage biomass distribution from "S. Rybak", Oct.-Dec. 1982 
Ar.ea 
Depth 0 I II III IV v VI VII 
20-40 ? .6 33.4 5.9 .1 .8 2.7 ? 
40-200 21.8 33.2 .oo 1.3 ? 
b) Percentage distribution of samples using Neyman allocation data 
from "S. Rybak", Oct.-Dec. 1982 
Area 0 I II III IV v VI VII 
Depth 
20-40 ? .01 23.59 1. 33 .00 .09 .29 ? 
40-200 60.24 14.40 .00 .06 ? 
c) Number of squares per stratum 
Area 
Depth 0 I II III IV v VI VII 
20-40 19 72 97 69 14 13 21 5 
40-200 35 61 45 55 15 
d) Number of samples per stratum. Compromise between proportional and 
Neyman allocation 
Area 
Depth 0 I II III IV v VI VII 
20-40 7 18 36 12 4 8 6 2 
40-200 20 24 10 15 5 
e) Average number of samples per square and area 
Area 
Depth 0 I II III IV v VI VII 
20-40 .37 .25 3.7 .17 .29 .62 .29 .40 
40-200 .57 .39 .22 .27 
-33 
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Table 2. Selecteq small pelagic and demersal fish for length measurement 
purposes 
Fam. Carangidae 
Fam. Scombridae 
II Clupeidae 
II Engraulidae 
II Leiog;nathidae 
II Ariommidae 
II Sciaenidae 
II Haemulictae 
II Synodontidae 
II Mullidae 
II Nemipteridae 
II Polynemidae 
Decapterus russelli 
D. macrosoma 
D. macarellus 
D. kurroides 
D. tabl 
Selar crumenophthalmus 
Trachurus trachurus 
Carangoides malabaricus 
Rastrelliger kanagurta 
Pellona ditchela 
Thryssa vitrirostris 
Leiognathus equulus 
Secutor insidiator 
Ariomma indica 
Otolithes ruber 
Johniops sina 
Pomadasys maculatus 
Rhonciscus stridens 
Saurida undosquamis 
Upeneus vittatus 
Q. sulphureus 
Nemipterus delagoae 
Polynemus sextarius 
Table 3 - Average catch rate, kg per hour of towing at 4 knots speed, of the families included in the 
group of small pelagic fish 
------
~ J 
~ (I) ~ :g ~ ~ ] AREA ~ r._. ~ ~ -~ J ·..-! ~ ·..-! ·~ fj_§ §. t. -~ ~~ ! 0. ·..-! ~ d 3 ·..-! ~ ~-
0 
(16°00' S- 17°20' S) 20-200 5.00 32ll.32 IJ.81 0.72 43.07 15.84 20.21 
I 20- IW 12.83 90.09 29.83 25.84 216.36 19.06 0.27 32.611 
(17°20' S- 18°50' S) 40-200 10.08 668.61 
- -
0.22 9.34 - 0.03 
II 20-200 18.50 276.25 118.60 2.68 
- -
133.15 0. 11 (Fish Area) 
III 20- 40 7.00 57.73 25.09 8.88 4.87 29.78 2. 41 1. 26 
(18°50' S- 21°20' S) 40-200 7.08 30.80 
- -
0.08 
-
0.02 
IV llQ-200 3.67 2.69 0.04 (21°20' S - 24°30' S) - - - - -
v· 20-200 6.17 92.65 75.74 
- -
39.911 39.64 2. 411 (Fish Area) 
VI 20- 40 3.00 536.54 546.44 - 1. 49 164.57 - 3lll.95 
(24°30' S - 33° 27'E) 40-200 7.58 317.59 0.04 - 3.27 16.84 56.83 91.112 
Ul 
t. 
~ 
8 
-
0.24 
0. 18 
-
5 ·''7 
1. 87 
0.30 
2.59 
-
2.33 
..c 
Ul 
·..-! 
[L.. 
0 
·~ ;i 
'01~ 0.. ... 
291 . 11 
392.65 
679.52 
572.51 
131.611 
33.43 
3. 111 
2116.07 
1393.79 
1t41J.IW 
I 
.):::' 
0'\ 
Table 4 Small pelagic fish. Worksheet for the computation of mean catch rate per substratum, C 
ss 
AREA 
0 I I ] II I II I 
DEPTH RANGE (meters) 
i 20-200 i 20-40 i 40-200 i 20-200 i 20-40 i 40-200 i 
Individual catch rates 1 4.70 2!3 53.53 11/12 235.94 16/17 1028.00 28 286.23 31/32 24.73 37 
(Kg/hour at 4. knots 78.58 2596.94 13.51 1251.77 94.52 134.92 
speed) in each subs- 215.76 4 16.29 26.70 493.19 88.36 14.55 38/41 
tratum i 966.98 11.50 25.03 18/19 59.44 29/"3) 98.17 33/34 9.63 
y 44.39 5 425.82 13 3022.16 11.11 101.66 2.88 
ssi 411.27 2040.33 1055.11 181.43 35/36 0.17 
6 105.89 14 37.12 20/21 14.11 101.93 77.45 
9.74 1342.74 2694.45 
7/8 78.58 15 39.75 583.97 
45.63 35.11 22 1023.33 
89.72 2.20 
9/10 170.14 23 39.42 
84.56 911.10 
9.61 
24 20.24 
59.91 
25127 385.72 
18.78 
33.47 
G (V (Yss) I 2 ) 3.61 1.70 1.08 1.15 1.50 3.55 
m 1.02 1.02 3.72 1.03 1.19 ss 
1.00 3.09 5.38 10.70 per stratum i 1.80 1.00 10.80 
1.04 3.81 
1.06 1.15 
2.06 
I I I r,r v VI I 
-
40-200 1 20-200 i 20-40 i 40-200 
i 
23.41 42 120.31 43/45 109.81 46/47 14.49 : 
3-77 127.01 3492.60 30.51 
0.75 25.83 600.87 48 11.29 
0.29 8.18 417.82 
1689.61 49/50 1422.04 
15.99 640.36 
885.54 
-l= 
-..;j 
1.45 3.69 2.27 1.07 
1.11 3.12 
1.05 
Table 5. Small pelagic fish. Worksheet for the computation of mean catch rate per area, est 
AREA 
0 I II III IV 
DEPTH RANGE ( m e t e r s ) 
20-200 20-40 40-200 20-200 20-40 40-200 40-200 
Total number of squares per 19 16 14 16 23 20 9 
substratum - N 8 7 16 46 20 36 
ss 8 7 l7 21 
8 7 8 
16 8 
16 8 
24 
Mean catch rate per substratum -C 291.11 1322.06 64.76 931.65 154.43 54.90 13.62 
ss 14.01 2539.70 328.23 120.25 6.26 0.52 
419.89 691.02 1514.27 38.87 
57.85 37.34 512.63 
71.47 267.10 
127.52 40.04 
128.09 
Variance of the mean catch 49533.07 1609156.35 904.45 64294.69 3110.82 1004.57 97.28 
rate per substratum - V(C ) 7.62 250465.01 78775.36 -4258.34 11 . 51 0.05 
ss 0 427499.77 1866801 .so 1497.74 
2313.41 0 260532.25 
196.44 52618.01 
1788.79 390.86 
8442.00 
~-
v VI 
20-200 20-40 
13 21 
246.07 1393.79 
34296.22 1086852.79 
40-200 
22 
11 
22 
22.59 
214.40 
981.21 
64;60 
41'244.34 
45846.67 
I 
-1::" 
00 
Table 6 - Small pelagic fish. Worksheet for the computation of standing stock (tons) 
--- ~~ 
A R E A 
0 I II m IV 
DEPTH RANGE (meters) 
20-200 20-40 40-200 20-200 20-40 40-200 40-200 
c st 291.11 392.65 679.52 572.51 131.64 33.43 3-14 
Size of each area (nm2) 475 1800 875 2425 1725 1525 1125 
Standing stock (Tons) 3048.68 15582.60 13109.07 30609.52 5006.55 1124.00 77.88 
Upper 44367.83 23244.90 63676.31 3573-75 701.94 
Confidence 
Limits Lower 
- -- - -
'-~------ - - - - - ~ - - -
Table 7 - D. russelli • Standing stock estimates ·(tons) 
AREA 
0 .I II III IV 
DEPTH RANGE (meters) 
20-200 20-40 40-200 20-200 20-40 40-200 40-200 
Average catch rate (kg) 43.07 9.95 417.87 196.06 21.72 1.09 0 
Size of each area (nm2 ) 475 1800 875 2425 1725 1525 1125 
Standing stock (Tons) 451.06 394.87 8061.41 10482.44 826.65 36.65 
Upper 1055.64 14681.35 21490.45 2790.80 128. 10 
Confidence limits 
Lower 
-
1441.47 
- - -
- - ------------
v VI 
20-200 20-40 40-200 
246.07 1393.79 444.4 
325 525 1375 
1763.21 16133-12 13472.20 
25844.55 
1099.85 
v VI 
20-200 40-200 20-200 
82.89 282.85 5.38 
325 525 1375 
593.95 3273.99 163.10 
522.64 
-
L__ __ ~ L___ -~ ~~~ 
TOTAL 
AREA 
372.26 
12175 
99925.66 
144603.11 
55248.21 
TOTAL 
AREA 
90.47 
12175 
24284.84 I 
35999.12 
I 
12597.41 
- _ __j 
i 
.l=" 
'-0 
Table B - D. russell!. Relative percentage of maturity stages by sex and area surveyed 
AREA Depth FEMALES ~11\ LES Range (m) I II III IV v VI n I II III IV v VI 
0 'W-200 75.0 18.8 6.2 16 17.6 35.3 26.5 20.6 
I 20-110 8.3 12.5 19.2 118 11. 1 88.9 
IJ0-200 8.0 16.0 18.7 49.3 8.0 75 3.6 1!1 .0 ''5. 8 9.6 
II + III 20-40 10.3 lj 1 .4 36.2 12. 1 58 2.1! 54.8 ll2.9 
40-200 3.9 60.8 31.4 2.0 2.0 51 8. 1 60.8 25.7 1.11 II. 1 
v IJ0-200 9. 1 50.9 30.9 9.1 55 10.6 62.11 27.1 
VI 20-110 5.6 33.3 61.1 18 100.0 
IJ0-200 63.6 36.4 11 112.9 57. 1 . 
Table 9 - D. macrosoma. Standing stock estimates (tons) 
A R E A 
0 ! I II III IV I v Vl 
DEl' Til RANGE (meters) 
20-200 20-40 40-200 20-200 20-'W 40-200 110-200 20-200 20-'10 40-200 
est 0 1.16 209.62 27 .5'1 0 26.711 0 0 0.007 0.06 
Size of each area (nn2 ) '175 1800 875 2'125 1725 1525 1125 325 525 1375 
standing stock (tons) 0 lf6.0ii 40113.92 11172.11'1 0 899.07 0 0 0.08 1.82 
tipper 0 132.15 7258.119 1996.61 0 3592.211 0 0 - 9.09 
Confidence limits 
Lower - 829.35 - '-
--
n 
31l 
27 
83 
''2 
7'1 
85 
7 
Ill 
TOTIIL 
I 
I\ REI\ I 
__ 20-~_Q_I 
2'1.08 
12175 
61163.79 
91113.83 
3513.7'1 
Vl 
0 
Table 10 - D. macrosoma. Relative percentage of maturity stages by sex and area surveyed 
AREA Depth FEMALES MALES I Range (m) I II III IV v VI n I II III IV v VI n I 
I 20-400 60.7 39.3 28 59. 1 40.9 22 
40-200 6.8 81.4 11.9 59 28.4 71.6 67 
II 20-40 33.3 66.7 21 100.0 4 
40-200 7.5 31.3 19.4 4.5 6.0 67 3.7 31.5 64.8 54 
Table 11 - Selar crumenophthalmus. Standing stock estimates (tons) 
Ul 
A R E A TOTAL 
0 I II ill IV v VI 
DEPTH RANGE (meters) AREA 
20-200 20-40 40-200 20-200 20-40 40-200 40-200 20-200 20-40 40-200 20-200 
est 7~ .85 24.43 1.05 12.23 7-33 0.29 0 23.27 200.77 335.00 57.11 
Size of each area (nm2 ) 475 1800 875 2425 1725 1525 1125 325 525 1375 12175 
Standing stock (ton) 752.46 969.52 20.26 653.88 278.78 9.75 0 166.74 2323.91 10155.68 15330.02 
Confidence limits Upper 3409.00 79.85 2009.23 3749.97 9.84 - - 48607.53 34350.96 
Lower - - - 9.66 -
---
Table 12 - S. crum~nophthalmus. Relative percentage of maturity stages by sex and area surveyed 
AREA F E M A L E S M A L E S 
I II III IV v VI n I II III IV v 
0 19.2 69.2 11.5 26 8.3 87.5 4.2 
I 23.5 76.5 17 27.3 72.7 
II + III 85.2 14.8 27 4.3 78.3 17.4 
--
v + VI 4. 1 93.9 2.0 49 28.3 66.0 
-- --
--- --------- -
VI 
5.7 
n 
24 
22 
23 
53 
IJl 
{\) 
Table 13 T. trachurus. Standing stock estimates tonnes. 
AREA 
0 I I I II I Ill I IV 
DEPTH RANGE (meters) 
20-200 20-40 40-200 20-200 20-40 40-200 40-200 
est 
Size of the area (nm 2 ) 
Standing 'Stock (tons) 
'Upper 
Confidence limits 
Lower 
I v I VI 
20-200 20-40 40-200 
0.21 69.39 4.26 
325 525 1375 
1.93 803. 19 129. 14 
496.23 
TOTAL 
AREA 
20-200 
3.48 
12175 
934. 14 
.2584.98 
I 
I 
\Jl 
w 
Table 14 - R. kanagurta. Standing stock estimates (tons). 
A R E A 
0 I II III Dl v 
DEPTH RANGE (Meters) 
20-200 20-40 40-200 20-200 20-40 40-200 40-200 20-200 20-40 
est 0.28 12.37 6.25 135.29 14.46 0.08 0 17.76 99.92 
Size of each area (nm2 ) 475 1800 875 2425 1725 1525 1125 325 525 
Standing stock (tons) 2.93 490.91 120.57 7230.67 549.94 2.69 0 127.26 1156.57 
Upper 1679.10 415.74 12412.54 4818.80 11.77 -
Confidence limits 
Lower 
-
2048.80 
- -
-'-- ---
~--
---
Table 15- R. kanagurta. Relative percentage of maturity stages by sex and area surveyed 
Depth F E M A L E S M A L E S 
Range (m) I II III IV v VI n I II III IV v 
I 40-200 45.8 24.2 33 84.8 9.4 6.2 
II 20-40 33.3 52.8 13.9 36 20.0 65.7 11.4 
40-200 42.3 42.3 11.5 3.8 26 46.2 42.3 11.5 
v 40-200 100.0 14 100.0 
VI 20-40 12.5 87.5 8 5.9 23.5 70.6 
--
VI 
40-200 
0 
1375 
0 
VI n 
32 
2.9 35 
26 
11 
17 
TOTAL 
AREA 
20-200 
36.07 
12175 
9682.26 
14452.26 
4912.26 
I 
I 
I 
V1 
.j:::" 
